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Summary
Female genital cutting (FGC) is a widespread cultural practice in Africa and the Middle East, with a number of potential adverse health consequences for women. It was hypothesised by Kun (1997) effects. The results demonstrate evidence of a statistically significant association between FGC and HIV, after controlling for the hierarchical structure of the data, potential confounding factors, and interaction effects. The results show that women who had had FGC and a younger or the same age first union partner have higher odds of being HIV positive than women with a younger or same age first union partner but without FGC; whereas women who had had FGC and an older first union partner have lower odds of being HIV positive than women with an older first union partner but without FGC. The findings suggest the behavioural pathway of association between FGC and HIV as well as an underlying complex interplay of bio-behavioural and social variables being important in disentangling the association between FGC and HIV.
Introduction
HIV/AIDS in Africa is associated with a range of socioeconomic, demographic, behavioral and biological risk factors. These risk factors include commercial sex, nonuse of condoms, young age at first sexual intercourse, multiple sexual partners, age differences between sexual partners, untreated sexually transmitted infections (STIs), high viral load of infected partners, and lack of male circumcision (Caldwell, 2000; Auvert et al., 2001; Shapiro, 2002; Kelly et al., 2003; Clark, 2004; Bongaarts, 2007) .
All these factors can increase an individual's susceptibility to HIV. It was hypothesized by Kun (1997) and later by Brady (1999) that unlike male circumcision female genital cutting (FGC) can potentially increase the risk of HIV transmission through different mechanisms (Kun, 1997; Brady, 1999) .
According to UNGASS (2008) the estimated prevalence of HIV infection among
adults aged 15 to 49 years in Kenya is between 7.1% and 8.3% with heterosexual transmission being the main route of HIV transmission. The prevalence of FGC is declining but still widespread in some communities in Kenya; in the 2003 Kenya Demographic and Health Survey (KDHS) the FGC prevalence was estimated to be 32% (CBS et al., 2004a; Skaine, 2005) .
FGC practice is regarded as a fundamental violation of human rights (UNICEF, 2005) as it can increase health risks, some of which might have life-threatening consequences to women. A number of different short and long term negative health outcomes such as gynaecological and obstetric problems, haemorrhage, pain, keloid scars, genitor-urinary problems, reproductive tract infections and others have been attributed to FGC (Jones et al., 1999; Morison et al., 2001; Shell-Duncan, 2001; Okonofua et al., 2002) . However, little is known about the potential association between FGC and HIV. The plausibility that FGC may increase susceptibility to HIV has been speculated by researchers, especially in the African context (Caldwell et al., 1997; Msuya et al., 2002; Klouman et al., 2005; Pépin et al., 2006; Brewer et al., 2007; Monjok et al., 2007; Yount and Abraham, 2007) . However, the evidence of an association between FGC and HIV is rather mixed. Caldwell et al. (1997) investigated a negative association between FGC and HIV, and hypothesised that FGC reduced the risk of acquiring HIV infection, but the association between the two was not established. The motivation for their study came from the established negative association between male circumcision and HIV. They used a mapping technique to examine major AIDS belts and lack of FGC to assess the association between FGC and HIV (Caldwell et al., 1997) . This approach has limitations as, first, according to Caldwell et al. (1997) , anthropological data on male circumcision are better than FGC data and, secondly, because with this approach only community level or aggregate associations can be identified while the more interesting individual level association cannot be unpicked.
A direct positive association between FGC and HIV was found in two studies (Pépin et al., 2006; Brewer et al., 2007) . Brewer et al. (2007) Brewer et al. (2007) found that circumcised virgins were more likely to be HIV positive. However, the association they found for adults was different: uncircumcised women and men were more likely to be HIV positive. Pépin et al. (2006) studied the association between FGC and HIV in Guinea-Bissau. The main limitation of this study was the use of a convenience sample for the analysis. Both studies suggest that the most plausible mechanism of HIV transmission for females was through the use of a non-sterilised ceremonial knife on a number of girls where one of the girls was infected with HIV through a non-sexual mechanism prior to the FGC procedure. Other studies which investigated the link between FGC and HIV have found no significant direct association between the two (Msuya et al., 2002; Klouman et al., 2005) . Msuya et al. (2002) studied the association between FGC and HIV as a part of their study in Tanzania.
Pelvic examination of women was performed as part of the survey. This study was conducted in the three largest primary health care clinics and therefore not nationally representative. Klouman et al. (2005) in Tanzania older partner, and widowhood or divorce. Women who went through FGC had higher odds of being widowed or divorced, of being in a first union with an older partner, or of having first sexual intercourse before the age of 20 than women without FGC. Women who were widowed or divorced, who were in a first union with an older partner, or who had their first sexual intercourse at the age younger than 20 also had higher odds of being HIV positive (Yount and Abraham, 2007 these women agreed to be tested for HIV (CBS et al., 2004b) . Further details about the KDHS 2003 are available in CBS et al. (2004b) . It was reported that the women who were not tested for HIV did not differ in a meaningful way from women who went through HIV testing (CBS et al., 2004b) . However, Cheluget et al. (2006, p.i22) argue that "difference could exist for those who were selected for the sample but could never be contacted". Yount and Abraham (2007, p.84) suggested that eligible women who did not go through HIV testing "differed in some ways from those who agreed to be tested". Women who had been tested were poorer, less educated, and lived in rural areas in the Nyanza, Western, and Rift Valley regions, they were also likely to have had older first union partners, were mostly restricted to single partners but also were more likely to be in unions with co-wives, had initiated sex earlier, and reported to have had an STI or ulcer in the year prior to the interview (Yount and Abraham, 2007) . These differences will not introduce bias for the study if all these factors are controlled for in the model, although relationships might become slightly weaker. It is possible that the reason for not being tested for HIV might be that women knew that they were HIV positive, and this cannot be corrected by using HIV sample weights and, therefore, can influence the estimation of the HIV prevalence. However, this is unlikely to influence the study as the main interest of the study is to examine relationships, and not to estimate the prevalence of HIV in Kenya per se.
As the main research question is concerned with the association between HIV and FGC, only women who reported their FGC status and who had an HIV test result were considered in the present analysis. As a result of this, five women were excluded as their FGC status was not available and two women were excluded as they had indeterminate HIV test results, leading to a dataset of 3,266 women respondents. The seven women excluded from the dataset during the data cleaning process will not have an effect on the results of the analysis as they represent a very small proportion of the total number of women in the final dataset.
The main research hypothesis of this study is that FGC increases the risk of HIV infection if HIV/AIDS is present in the community. Due to the fact that none of respondents from the North Eastern province were HIV positive, and therefore the population of interest does not exist within this sub-sample, it was decided to exclude the province (152 respondents) from the analysis. The North Eastern province is a very distinctive part of the country in many respects. In Kenya, the HIV epidemic is generalised, but in the North Eastern province none of the respondents tested positive, which means that HIV prevalence is very low in the province (CBS et al., 2004b) . Nonresponse in the North Eastern province is similar to the non-response in the other parts of the country, therefore the low HIV prevalence is unlikely to be attributed to the issue of non-response (CBS et al., 2004b A similar idea for categorisation was used by Yount and Abraham (2007) ; classification of ethnic groups by FGC prevalence with four different groups was introduced in that study: 0-24%, 25-49%, 50-74%, and 75-100%.
The literature suggests that the age difference between younger women and older men is a factor which increases the risk of HIV for women (Kelly et al., 2003; Luke, 2003; Longfield et al., 2004) , therefore a new dummy variable categorising age difference between a woman and her first union partner was created to contrast those women with older first union partners against the remaining women. The KDHS 2003 data show that 58.6% of women reported having an older first union partner and for about 30% of these women the first union partner was at least 10 years older than them.
Unfortunately, more detailed information about the age of women's first union partners was not available in the original dataset.
A multilevel logistic regression model was used for the analysis (Goldstein, 2003) .
The dependent variable was binary coded as 1 for women respondents who tested positive for HIV and 0 otherwise. The main predictor variable was FGC status with "yes" answers coded as 1 and "no" answers coded as 0. Multilevel modelling is appropriate when observations are not independent due to the natural structure which might exist within the population. If this hierarchical structure is not accounted for by the modelling approach, standard errors will be underestimated causing misleading results in the analysis, e.g. significance of the parameter estimates can be over-stated.
Due to the survey's two-stage sample design reflecting local areas in the population there is a need to account for the hierarchical structure. The statistical package MLwiN version 2.02 (Rasbash et al., 2003) was used for the multilevel modelling.
A non-automatic forward selection approach was taken for the multilevel logistic model selection processes. The order of variable selection was directed by the existing literature on FGC and HIV/AIDS. The Wald test informed decisions regarding inclusion of terms, interactions, random intercepts and random slopes. The association between FGC and HIV was examined using multilevel logistic regression models (see Table 2 ). FGC status of women was the main explanatory variable of interest, therefore its potential interactions with other variables together with other interactions were tested for significance despite the fact that the FGC status was not found to be significant on its own (results are not shown separately). The results from Yount and Abraham (2007) which showed an indirect association between FGC and HIV also served as a motivation for testing interactions between FGC and other variables.
Results
Standard p-values suggested that two interactions (FGC status with the first union partner's age and respondent's age with genital ulcer) were significant. These two interactions together with a number of selected control variables such as respondents' age, marital status, age of the first union partner, ethnicity grouped by FGC prevalence, region of residence, wealth status and whether they had a genital ulcer or not within the last 12 months prior to the survey were included in the final multilevel logistic regression model. However, as a large number of potential interactions were explored when finding the two significant interactions, the 95% confidence intervals calculated for the interaction terms (see Table 2 ) were based on the simplified Bonferroni correction (see Nickerson, 1994) , which is expressed as 100×(1-0.05/q)%, where q is the number of potential interactions explored. This approach was taken to adjust the Type I error in relation to the significance of the interactions as with standard p-value of 0.05 it is expected to find one in 20 significant interactions by chance. It was found that the second interaction term (respondent's age with genital ulcer) was not significant when the correction was applied but the interaction between FGC and first union partner's age was found to be highly significant even after the correction to calculation of 95% confidence intervals was used. Therefore, the actual final model included only one interaction between FGC and first union partner's age and the second interaction was excluded from the model (and therefore not shown in Table 2 ).
The results suggest that a significant strong association between FGC status (in combination with a first union partner's age) and HIV status does exist after controlling for a number of potential confounding factors, interaction effects and the hierarchical structure of the data. It was found that the community effect was not significant after controlling for other effects (see Table 2 ) and, therefore, is not discussed further. The results of this study suggest that in the presence of an interaction effect between FGC and first union partner's age, FGC significantly increases the risk of HIV in the Kenyan context for women who have younger or the same age first union partner when compared to women who have younger or the same age first union partner but have not undergone an FGC procedure. However, the risk was lower for women who had FGC and an older first union partner when compared to women without FGC but with an older first union partner. Table 2 about here Figure 1 shows the predicted probabilities of being HIV positive by age of respondents, FGC status and age of the first union partner. The probability of a woman being HIV positive peaks around the age of 29 for all four groups of women, and lower at younger and older ages. Figure 1 demonstrates that women without FGC and without an older first union partner have the lowest probability of being HIV positive at all ages in comparison with the other three groups of women and the probabilities do not differ much by age for this group. It also shows that both groups of women with FGC have much higher probabilities of being HIV positive at all ages when compared with women from the lowest risk group. For women with younger or the same age first union partner, the probability of being HIV positive is higher for those with FGC. However, for women with an older first union partner the probability is lower for those women with FGC when compared to women without FGC. Women without FGC and with an older first union partner have the highest probability of being HIV positive, when compared with the other three groups, with substantial differences in the predicted probabilities of being HIV positive by age. The literature suggests that the age difference between younger women and older men is a factor which increases the risk of HIV for women (Kelly et al., 2003; Luke, 2003; Longfield et al., 2004) , therefore these results are also in agreement with the existing literature. However, the results of this study suggest that the risk is higher for women without FGC when compared to women with FGC (see Figure 1 ). This finding contradicts the results reported by Yount and Abraham (2007) HIV prevalence among Somali in the sample is very low -0.4% and the majority of the Somali women in the sample live in provinces with relatively low HIV prevalence. The HIV prevalence rate among the Maasais in the sample is also relatively low -1.1%.
The findings of this study clearly show that an individual woman's HIV risk decreases when she belongs to an ethnic group with a higher FGC prevalence (see Figure 2 ) after controlling for other individual level risk factors, including her own FGC status.
Figure 2 about here
Other control variables such as age, marital status, region of residence, and wealth status showed results consistent with the existing literature (Bongaarts, 1996; Yount and Abraham, 2007) . The study suggests that the probability of being HIV positive is the highest around 29 years of age, and the probability is lower at younger and older ages.
In addition the results of this study suggest that there are significant differences in the It is important to mention that women who had never been married and never had sex, i.e. virgins, have lower odds of being HIV positive than married women but this difference is not significant, and this result suggests that the study has not found evidence for non-sexual mechanism of HIV transmission.
The results show that having a genital ulcer increases the odds of being HIV positive. This result is in agreement with the existing literature which suggests that having a genital ulcer facilitates the transmission of the HIV virus (Bongaarts, 1996; Buve et al., 2001; Shapiro, 2002) .
Other variables initially considered in the model, such as respondents' education, working status, religion, FGC practice in the community, childhood residence, type of residence, age at first sexual intercourse, the husband lives at home, current contraceptive use, number of unions, sex in exchange for money or gifts, condom use at the last sexual intercourse, number of sexual partners within the last 12 months, STIs in the last 12 months, and genital discharge within the last 12 months were not significant and hence were excluded from the final model.
Discussion
The foregoing analyses of the KDHS data demonstrate clear evidence of a significant and strong association between HIV and FGC in the presence of an interaction effect with the age of the first union partner. Although it is difficult to disentangle the causality, the findings show that FGC is significantly associated with an increased risk of HIV for women who reported having younger or the same age first union partner, whereas the risk of HIV infection is lower for women who have FGC and older first union partner when compared to women without FGC. As the association between HIV and FGC operates mainly through the interaction between FGC and the first union partner's age and as the direction of association is different for two different groups of women with and without an older first union partner, the plausible mechanism of association is clearly through a behavioural pathway. This suggests that FGC is a marker of certain behaviours that operate in combination with other individual characteristics to predict the likelihood of HIV. Possible explanations include increasing urbanisation of the Kenyan society and the changes in sexual and marital relationships influenced by modernisation, but it is difficult to provide a definite explanation based on quantitative data and, hence qualitative studies are needed to understand this effect better. However, it is important to highlight the existence of this behavioural association between FGC status with first union partner's age and the risk of being HIV positive as other studies hypothesised or found evidence of biological mechanism of association between the two (Kun, 1997; Brady, 1999; Pépin et al., 2006; Brewer et al., 2007) . It is also important to explore all potential compositional aspects of the association between FGC and HIV in order to gain a better understanding of the pathways and relationships. The fact that the difference between the lowest risk group and the two groups with FGC does exist (see Figure 1) suggest that FGC has an effect on the HIV status of women in the Kenyan context. As it was mentioned earlier, the main finding about the association between FGC and HIV through having an older first union partner contradicts the findings by Yount and Abraham (2007) . However, this result is partially in agreement with the results by Brewer et al. (2007) , they found that uncircumcised women were more likely to be HIV positive than women with FGC. In this study this association holds only for women who reported having an older first union partner but not for women who did not have an older first union partner.
The other plausible mechanism of association between FGC and HIV has a biological nature. It was hypothesised that women with FGC might be more susceptible to HIV because they might suffer from open wounds, ulcers and sores at their genital areas which can increase the susceptibility to HIV (Kun, 1997; Brady, 1999) . The present study could not explore this hypothesis due to the lack of appropriate data.
Another important finding is the direction of the associations between HIV and FGC at the community level (see Figure 2) . The variable that represents grouped ethnicities by FGC prevalence is similar to a community level variable due to the geographic clustering of the ethnicities and, therefore, will be referred to as a community level variable. The negative association between HIV and FGC for ethnicities with high FGC prevalence might reflect the fact that certain cultural practices within the ethnicities protect their members against exposure to HIV. However, the positive association between HIV and FGC for women without an older first union partner at the individual level suggests that FGC might be a marker of particular risky behaviours that become more pronounced when the woman is in a group with lower FGC prevalence and with higher HIV prevalence.
The present study has a number of limitations. Data on the types, severity and timing of the FGC procedure as well as on mechanisms of HIV transmission were unavailable. This information if available could have helped to conduct more detailed analysis and to investigate the association between different types of FGC and HIV status. FGC status was based on self-reporting which might not be as accurate a measure as a clinical examination (Snow, 2001; Klouman et al., 2005; Yount and Abraham, 2007) . All sexual and reproductive health variables were also self-reported and, therefore, can introduce bias as women might be either unwilling to report having STIs or genital ulcers or they simply might be unaware that they have STIs (Yount and Abraham, 2007) The results of this analysis are important as they suggest implications for both general policy as well as targeted interventions. The main finding from this study shows that existing programs targeted towards the eradication of FGC alone might not be sufficient to reduce negative health outcomes for women since the final model demonstrates that the effect comes mainly through the behavioural pathway. Therefore, a more complex approach towards the design of interventions, with a specific emphasis on behavioural changes, is needed to take into the account the complexity of the issue.
As there are a number of other factors which are associated with HIV infection There are a number of ways in which future studies can expand or clarify the results of the current study. Firstly, it would be beneficial for further analysis to collect data on the types of sexual practices such as anal and dry sex. Previous studies have highlighted that these factors can potentially be associated with both FGC and HIV (Kun, 1997; Baleta, 1998; Baldwin and Baldwin, 2000; Brown and Brown, 2000; Yount and Abraham, 2007 Note: Reference woman for this graph has the following characteristics: she is married in monogamous union, lives in Nairobi, belongs to middle wealth index, and from an ethnic group with medium FGC prevalence (30-69%). Note: Reference woman for this graph has the following characteristics: she is 28 years old, married in monogamous union, lives in Nairobi, and belongs to middle wealth index.
